INTRODUCTION
Mental health conditions are a major challenge for society, healthcare providers, and health systems. The World Health Organization predicts that by 2030 mental health conditions will be the leading disease burden globally [1] . Mental health services are struggling to meet the needs of users and fail to reach large proportions of those in need across most countries.
According to the Mental Health Foundation of New Zealand, one in five people will develop a serious mood disorder, including depression, at some time in their life [2] . Early intervention can have significant positive impact on a person's prognosis, particularly important in affecting outcomes for young people [38] . Co-designed solutions to improve resilience and well-being in young people have specifically been recognised as part of the National Suicide Prevention Strategy and the New Zealand Health Strategy. Innovative interventions that support long-term change for individuals are urgently needed [10] .
Self-compassion/self-criticism constitutes a protective/risk factor with regard to developing and maintaining depression [3] ; particularly in young people [4] . Self-criticism is one of the major psychological factors, defined as dominant response style of negative evaluation and judgement of self to perceived failure [5] . One effective method to address self-criticism may be to increase self-compassion through compassion-focused therapy [6] .
To implement compassion-focused therapy, the general approach is in-vivo exposure based [9] . The patient is exposed to a situation that causes distress so that the therapist may help the patient to highlight the importance of developing a capacity to mindfully access, tolerate, and direct affiliative motives and emotions, for themselves and others, and cultivate inner compassion to organize mentally healthy behaviors. To create such situations in the real world is resource demanding, and innovative interventions that support long-term change for individuals are urgently needed [7] . To make this treatment feasible and timely to everyone who needs it, Virtual Reality (VR) technology may be useful.
Virtual technologies have the potential for supporting personal and clinical change. Real environments can be replaced with virtual ones, thereby allowing a transformation of our external experience. When a life-sized virtual body substitutes a person's real body in immersive virtual reality, it typically generates an illusion of body ownership over the virtual body. The illusion of body ownership is the perceptual illusion that the body is one's own and relies on a first-person perspective view of the body [12, 13] and synchrony between touches seen on the virtual body and felt on the real body [14] or synchrony between real and virtual body movements through real-time motion capture. Recent evidence shows that embodiment has a variety of physiological and psychological consequences that indicate that the person has identified with or taken on attributes of the virtual body, including changes in size perception after embodiment in a child body, and changes in implicit racial attitudes after embodiment in a body with a different skin colour [8, 15] . A high level of personal efficacy and self-reflectiveness is typically generated in the virtual environment by an increased sense of presence and emotional engagement. Moreover, VR can modify our inner experience by structuring, altering, and/or replacing our bodily selfconsciousness [10, 11] .
Systematic reviews available for VR support the use of this technology in the treatment of anxiety disorders, phobia, stress-related disorders, obesity and eating disorders, and pain management, where gains are generalised to real life [16, 17, 9, 18] . However, there is little evidence in the literature for or against using VR for promoting self-compassion and/or the treatment of depression and it is very much an emerging field [7, 19, 20, 10] . .
RESEARCH QUESTION
Our aim is to design and implement a VR environment to improve self-compassion, which reduces self-criticism and in the long run can influence recovery from depression. Building on earlier research conducted by Falconer et al [7] , our research question is whether the effects of calming virtual characters down in different social settings could be exploited to increase self-compassion in young people with depression or history of mood changes. A video of the Falconer [7] experiment can be viewed here: https://www.youtube.com/watch?v=GwxJVCESc-E
We propose to replicate the same experiment with a younger population (aged 18-25), but also build on the work that has been done so far. We will utilise different social settings: an upset child (Falconer replication) receiving a bad grade upset about having to give talk job interview falling out of love bullying
An earlier study has shown a significant improvement in participants' self-compassion as a result of exposure to VR compassion focused/mental health therapy [7] . As part of our proposal, we aim to: provide increased practice/exposure and target a younger audience increase the chance of generalisation to everyday life. employ better VR visualisation, e.g. assigning more realistic hand gestures and facial expressions to the characters in the virtual world. target young adults (18) (19) (20) (21) (22) (23) (24) (25) , as in most countries mental healthcare services for children and young people do not provide satisfactory care, and the gap between need and access is broadest for those aged 12-25 years [44] . 
METHODOLOGY
To answer our research question, we aim to recruit roughly 40 participants divided into one control and one experimental group. 20 people will be randomly allocated to each group. The participants will be aged 18-25 years and they may or may not have a history of depression and/or mood changes (determined through self-report at the beginning of the experiment). This study is a proof of concept and once we have a prototype and some pilot results, we will recruit a larger sample to enable efficacy testing. The primary outcome measure will be the Patient Health Questionnaire-9 (PHQ-9) [39] , a measure often used to assess outcomes in psychological treatments for depression. This measure assesses symptoms over the previous two weeks and comprises nine items scored 0 ('not at all'), 1 ('several days'), 2 ('more than half the days') or 3 ('nearly every day'). A score of 10 or greater on the PHQ-9 suggests mild to moderate depressive symptoms [45] . A reduction of at least five points will indicate reliable change [7] .
The Self-Compassion and Self-Criticism Scale (SCCS) [40] consists of five scenarios that are potentially self-threatening and can elicit varying degrees of self-criticism or self-compassion (e.g. 'You arrive home to find that you have left your keys at work'). Participants are asked to imagine that these scenarios are happening to them now and rate on 7-point scales from 1 ('not at all') to 7 ('highly') the extent to which they would react to themselves in a harsh, contemptuous, critical, soothing, reassuring, and compassionate manner [7] . The positive ratings are summed to generate the Self Compassion Scale (range 15-105) and the negative ratings generate the Self-Criticism Scale (range 15-105).
To determine if there are changes in response to the VR environment relative to the control, we will collect pre-test and post-test measures of depression using the PHQ-9 and selfcompassion using the SCCS form. We will have six VR sessions with three-day intervals (twice a week for three weeks), followed by a post-test (SCCS and PHQ-9 forms) after each session, and a post-test questionnaire at the end of three weeks, asking the participants to describe their experience. This be supplemented with a focus group discussion with potential VR users and mental health professionals to further elicit participant feedback regarding VR feasibility/acceptability and to inform further refinements to the proposed environment. Participants will be presented with all six scenarios every time and will be asked to choose the order the scenarios are presented to keep them more engaged.
Our hypothesis is that interventions using immersive VR may have significant impact on increasing participants' selfcompassion and decreasing self-criticism and will pave the way for clinical use of this technology in the future. This proof-ofconcept study serves as an important step for determining the feasibility and acceptability of using VR interventions for addressing depressive symptoms.
DISCUSSION
As part of the International Symposium on Mixed and Augmented Reality (ISMAR 2019) workshop on AR/Mixed Augmented Reality and Mental Health, we will use the following points for further discussion:
Given that social aptitude, interaction and connection is a defining and consistent aspect of all psychological health indicators within the Diagnostic and Statistical Manual of Mental Disorders (DSM), how do we mitigate and control for the need to form human-human bonds within a VR based therapy? Is there a likelihood that VR technology itself could generate a new dependency?
How do we control for individuals who may become very reliant on the VR technology as an avoidance coping strategy? How do we ensure that individuals who engage with VR as a therapeutic tool know how to and when to seek professional help when for example their condition does not improve or becomes worse (similar to individuals who self-medicate when they should be seeing a health professional)? How do we ensure, with the increasing use of these sorts of technologies, that individuals who download and use it understand the difference between research informed tools and less robust tools -in other words, could they go for the cheapest option rather than the best option based on the generalization that all VR and similar tools are useful? Should VR tools be used as part of a mental health intervention, with a health care professional/therapist being present in the room or with supplemented with remote support? How do we inform individuals that there is personal responsibility to use such tools responsibly and that there is a requirement to take ownership of the presenting problem -in other words, unlike medication, systems like this still rely on taking ownership of one's challenges, change in one's thinking, habits, etc. Is there a way to track progress and pick up on 'warning' signs that could inform the user's therapist when the patient's mental health status becomes worse and trends toward for example self-harm in some form and how do we manage such instances? How do we ensure that therapists do not become too reliant on the use of the technology to solve the problem for them and for the patient? Are there any medical conditions we should consider when designing VR tools for mental health (e.g.: eye damage, eye health, injuries occurring)? Given the cost and availability, connectivity, and hardware/software requirements of VR technologies, might this in some instances generate a feeling of unfair treatment for those who cannot afford the technology or have access to the technology? What are the risks of having built-in monitoring systems for tracking early warning signs in terms of data privacy and patient rights? There is possibility of equipment damage, theft, malfunction, and need for insurance or replacement. In what ways should such concerns be managed when VR technology is 'prescribed' as part of a therapeutic intervention?
